Background: In patients with asymptomatic colorectal cancer with irresectable metastatic disease, the optimal treatment strategy remains controversial. Resection of the primary tumor followed by chemotherapy when possible versus systemic chemotherapy followed by resection of the primary tumor when necessary are compared in this systematic review.
only minimal palliative benefit, can give rise to major morbidity and mortality and therefore potentially delays beneficial systemic chemotherapy. When presenting with asymptomatic disease, initial chemotherapy should be started and resection of the primary tumor should be reserved for the small portion of patients who develop major complications from the primary tumor.
Key words: chemotherapy, colorectal cancer, metastases, surgery introduction About 25% of patients with colorectal cancer present with liver metastasis at the time of diagnosis [1] . Only a selected group (20%-30%) of these patients is suitable for resection of hepatic metastases. Occasionally, administration of systemic chemotherapy may convert irresectable into resectable disease. Nevertheless, for most patients with stage IV colorectal cancer, the principal goal of treatment is palliation in terms of prolonged survival and quality of life [2] .
The most common treatment of stage IV colorectal cancer is to perform a palliative colon resection in order to prevent complications of the primary tumor such as intestinal obstruction, perforation or hemorrhage. After resection of the primary tumor, systemic chemotherapy is administered for further treatment of metastatic disease. Resection of the primary colorectal tumor, however, is associated with a high overall morbidity up to 21% [3] . Due to tumor load, patients suffer from weight loss, malnutrition and a deteriorated overall condition. If postoperative complications arise, systemic chemotherapy needs to be postponed, compromising its beneficial effects. For this reason, there is a tendency to a more conservative approach, especially in asymptomatic patients. In such patients, systemic chemotherapy may be the treatment of choice, reserving tumor resection for patients who develop symptomatic disease. In these patients with metastatic colorectal cancer, novel chemotherapy regimens may result in response rates of up to 50% [4, 5] . Besides the effect of this systemic therapy on the liver metastases, this treatment may also affect the growth rate of the primary tumor, reducing the probability of complications such as bleeding, obstruction and perforation. Moreover, it has been suggested that patients with stage IV colorectal cancer and minimal symptoms from the primary tumor are likely to die of progressive systemic disease before the development of complications related to the primary tumor [6] .
At present, both strategies, e.g. initial resection of the primary tumor and initial systemic chemotherapy, are practiced. It is unclear which approach is currently evidence based. It is the aim of this systematic review to compare the complication rate of the two strategies. For this purpose, complication rates after resection of the primary tumor were compared with the rate of complications that occurred when initial treatment consisted of chemotherapy. From the initial search results, two investigators (MGWS and CEJS) independently evaluated the abstracts and selected relevant articles matching the selection criteria. Disagreements were resolved by discussion.
inclusion and exclusion criteria
Studies were eligible for inclusion when they reported a series of patients presenting with stage IV colorectal cancer (adenocarcinoma) and underwent surgery for the primary colorectal tumor or were treated with systematic chemotherapy. Studies were included if they reported on complications, response and/or survival data. In the case of duplicate publications, only the most recent publication was used.
quality assessment
We assessed the quality of trials by using a checklist for the assessment of quality as proposed by Downs (Table 1 ) [7] . Studies were classified as prospective case studies, retrospective case studies or case-control studies.
data extraction
Two investigators independently extracted the data from the literature and collected this information using preformed tables. The extracted data concerned study design, study population, follow-up, interventions, survival, complications, morbidity and mortality.
The primary outcome measure was the rate of primary tumor-related complications in patients with stage IV colorectal cancer not undergoing surgery. Secondary outcome measures were complications of patients undergoing surgery of the primary tumor or patients receiving systemic chemotherapy, survival of all patients and rate of curative surgery after treatment with systemic chemotherapy.
statistical analysis
Statistical pooling was done using the DerSimonian and Laird randomeffects model of meta-analysis. Results are presented as percentage of all patients in the analyzed studies; 95% confidence intervals for outcomes are reported.
results study selection Figure 1 shows the flow chart of the search procedure for the publications. Seven publications were identified describing a series of patients with metastatic disease in stadium IV colorectal carcinoma [3, [8] [9] [10] [11] [12] [13] (Table 1) .
No studies were found describing randomization between surgical and nonsurgical treatment of the primary tumor in patients with stage IV colorectal cancer. Of the seven articles included, four studies were retrospective case series [3, 8, 10, 11] , two were prospective case series [12, 13] and one article described a retrospective case-control study [13] . Two of the seven articles [8, 13] only described results of initial chemotherapy; the other studies compared both treatments. A total of 850 patients were described in the included studies. Of these 850 patients, 536 patients underwent surgery as initial treatment and 314 patients were initially treated with chemotherapy. Outcome measures are listed for each article included (Tables 2 and 3 ). The median follow-up of patients initially treated with chemotherapy was reported in four [8, 9, 12, 13] and ranged from 18 to 26 months. The follow-up of patients who underwent surgery was reported in two studies and was 23 and 30 months [10, 12] . Postoperative mortality and morbidity were reported in all five studies describing patients who underwent initial resection. However, only two studies reported the period of postoperative follow-up (30 days) [10, 11] Except for the studies of Tebbutt and Muratore, all studies included patients retrospectively. Therefore, no information was available on the criteria to either resect the primary tumor or to start chemotherapy.
Moreover, comparison of both groups was limited due to differences in the extent of liver involvement, the presence of extra hepatic metastatic disease and the rate of left-sided tumors. Although not statistically significant, larger percentages of liver involvement were reported for the group initially treated with chemotherapy in four of five studies [3, [9] [10] [11] . (Table 4) . Furthermore, three of five studies reported a higher percentage of extra hepatic disease for the group treated with chemotherapy [9] [10] [11] , of which one study reported significant differences [11] . In two studies, location of the primary tumor differed significantly between both treatment groups [3, 11] .
outcome measures of initial treatment with chemotherapy
In patients initially treated with chemotherapy, the most important tumor-related complication was intestinal obstruction. Intestinal obstruction was described in six of seven studies [3, 8-10, 12, 13] ( Table 2 ). The rate of this complication ranged from 5.6% in the study of Muratore to 29% in the study of Ruo. In the latter study, a high percentage (72%) of left-sided or rectal carcinoma was included. The pooled proportion of patients developing bowel obstruction was 13.9% (95% CI 9.6% to 18.8%, Figure 2A) . The proportion of patients with hemorrhage due to the primary tumor was reported in four of seven studies [9] [10] [11] [12] [13] , ranging from 0% to 3.7%. The pooled proportion of patients who experienced bleeding from the primary tumor across these studies was 3.0% [95% confidence interval (CI) 0.95% to 6.0%].
Peritonitis and fistula due to the unresected tumor were reported in two studies. None of the patients who received chemotherapy as primary treatment developed peritonitis or fistulae. In the study of Tebbutt, 6 .1% of the patients initially treated with chemotherapy developed peritonitis or fistulae.
effect of chemotherapy
Three of seven studies reported on patients in whom curative resection of the primary tumor and its metastases was attempted after downstaging by chemotherapy [8, 9, 13] . Sarela reports one patient (4%), while Benoist and Muratore mention an attempt at curative resection for 48% (13 patients) and 43% of the patients, respectively. In the study by Benoist, the attempt was successful in 6 of 13 patients. Three patients underwent one-stage resection of the primary tumor and synchronous resection of the liver metastases. The other three patients underwent a two-stage resection, with resection of the primary tumor in the first stage and treatment of the liver metastases in the second stage. In the study of Muratore, the rate of successful resection was not reported.
Complications of chemotherapy were reported in only one study [9] , with 37% grades 3-4 toxicity in the group of patients initially treated with chemotherapy.
outcome measures of resection of the primary tumor as initial therapy
Five of seven studies described the results of primary tumor resection (Table 3) [3, [9] [10] [11] [12] . Of these, postoperative morbidity and mortality were described in four studies [9] [10] [11] [12] .
Postoperative mortality ranged from 0% in the study of Benoist to 4.6% in the study of Scoggins. Meta-analysis of these four studies showed a mortality of 2.7% (95% CI 1.1% to 5.0%, Figure 2B ).
Postoperative morbidity ranged from 18.8% to 47.0%. These results included complications of variable severity. Major complications included obstruction (13.2%), hemorrhage (1.5%-3.9%) and sepsis (2.3%-10.6%, Table 3 ). Pooling of these data resulted in 11.8% (95% CI 4.4% to 22.0%) of patients who experienced major complications after surgery of the primary tumor ( Figure 2C ).
Minor complications were reported in three studies [9] [10] [11] . Most common complications were wound infections (5.5%-10.6%) and urinary tract infection (2.4%-6.1%, Table 3 ). Pooling these data resulted in an overall 20.6% Median survival was described in six of seven included studies (Table 2) [3, [8] [9] [10] [11] [12] . For patients who underwent resection of the primary tumor as initial treatment, median survival ranged from 14 to 23 months. For patients with chemotherapy as the first treatment, median survival ranged from 8.2 to 22 months. Two studies reported statistically significant differences in survival between resected and nonresected patients. Tebbutt described a median survival of 8.2 months in the group initially treated with chemotherapy compared with 14 months in the group initially treated with resection. However, a multivariate analysis revealed that performance status and presence of peritoneal or omental metastases were significant factors affecting survival and that resection status of the primary tumor was not significantly associated with survival. The study of Ruo also reported a significant difference in median survival between the two groups, 16 versus 9 months for the resection and nonresection group, respectively. From a univariate analysis, it was concluded that the number of distant sites involved, metastatic disease confined to the liver and volume of hepatic replacement by the tumor were significant prognostic variables. Also in this study, resection status was not significantly associated with survival.
the influence of the primary colonic tumor localization
Carcinomas located in the rectum and sigmoid are known to cause symptoms earlier than carcinomas located on the right side. Four of five studies [3, [10] [11] [12] reported higher percentages of left-sided tumors in the group of patients treated with chemotherapy; in two studies, this difference was statistically significant between the two groups (Table 4) [3, 11] .
Although all studies reported on the localization of the primary tumor for each group, only four studies mention the location of the tumor that caused symptoms [3, 8, 9, 11] . The study of Michel et al. reported two tumors on the right side (13% of all right-sided lesions) that caused symptoms versus three tumors on the left side (38% of all left-sided tumors). Sarela reported three patients with obstruction: all tumors were located in the sigmoid. These symptomatic tumors comprised 21% of all left-sided tumors included in the study. Identical observations were made by Benoist, who reported that three of four patients who developed symptoms showed a primary tumor located in the sigmoid, comprising 17% of all left-sided tumors versus 11% of all right-sided tumors. Moreover, Ruo reported that of the 30 patients with obstruction caused by the primary tumor, 15 patients had a tumor located in the rectum. So in conclusion, left-sided tumors seem to lead more often to significant symptoms than right-sided lesions (median 21% versus 12%, respectively).
discussion
The optimal treatment of asymptomatic stage IV colorectal cancer is a challenge. The main goal of therapy is to prolong survival and to maintain quality of life. This systematic review was carried out to investigate the best method of palliation for patients with incurable metastatic colorectal cancer. Special focus was directed to determine the value of primary tumor resection before administration of chemotherapy.
No randomized controlled trials were available for analysis. A total of seven studies were included comparing patients who initially underwent resection of the primary tumor with patients who were initially treated with chemotherapy. The retrospective approach in these studies may have resulted in confounding. Patients with more extensive disease and less suitable for primary resection were relatively over-represented in the group treated with chemotherapy, implying a poorer prognosis at the onset for this group (confounding by indication).
The main outcome measure was the risk of complications such as obstruction, bleeding and perforation when patients were initially treated with chemotherapy and the primary tumor was left in situ. Meta-analysis revealed that obstruction occurred in 13.9% of the patients. In patients with a left-sided colonic tumor, obstruction occurred more frequently: median percentage of 21% versus 12% in patients with right-sided tumor obstruction. Remarkably, Tebbutt et al. reported a comparable percentage (13.2%) of obstruction in a group of patients after resection of the primary tumor. Major complications like bleeding, peritonitis and fistula were reported to occur occasionally. These data suggest that the majority of patients with incurable stage IV colorectal cancer, who present with only minimal symptoms of the primary tumor, may die of progressive systemic disease before development of any primary tumor-specific complication [6] .
In patients with advanced disease, an increased mortality rate has been reported after resection of the primary tumor. Our meta-analysis of the available studies showed a 2.7% mortality rate. However, in related articles concerning patients with stage IV colorectal carcinoma who initially underwent resection of the primary tumor, mortality rates ranged from 5.6% to 10% [14] [15] [16] [17] [18] . In the series of Matheme, the perioperative mortality rate after resection of the colorectal primary tumor was 10% in patients with distant metastases versus 3% in patients without distant metastases. Compromised nutritional and immunologic factors in patients with significant systemic disease burden may account for these higher figures [19, 20] . In the studies included, morbidity rates ranged from 18.8% to 47%. These results are comparable with the morbidity rates reported in other studies, ranging from 8.8% to 50% [14] [15] [16] [17] [18] 21] . Wide variations in morbidity rates in these studies can possibly be explained by differences in definition of complications. Therefore, a differentiation between major and minor complications was made. Meta-analysis showed that 11.8% of the patients had major complications like hemorrhage, sepsis or anastomotic leakage after resection of the primary tumor. Minor complications, such as wound infection or urinary tract infection, were observed in 20.6% of the patients by metaanalysis. In addition to the reported complications, surgery for the primary tumor can result in a reduction of performance status and may therefore in some cases delay or prevent the initiation of systemic chemotherapy; however, data on this subject are lacking [22] .
Median survival was reported in six studies [3, [8] [9] [10] [11] [12] . Although the median survival was slightly longer in patients who underwent resection of the primary tumor, these results were statistically significant in only two studies [11, 12] . These same studies revealed in multi-and univariated analysis that the performance status, the presence of peritoneal or omental metastases, the number of distant sites involved or the volume of hepatic replacement by the metastases were significant factors predicting survival. After correcting for this imbalance, resection status of the primary tumor was no longer significantly associated with survival. These results are comparable with other series, indicating that the extent of involvement of liver tissue in metastatic disease is the best predictor for survival, outweighing other factors in multivariate analysis [14, 21, 22] .
It is claimed in several studies that initially irresectable metastases can be downsized with chemotherapy to such an extent that they become eligible for one-or two-staged resection of both primary tumor and metastases [23] . An attempt at curative surgery was mentioned in three of seven articles and ranged from 4% to 48% [8, 9, 13] . Thirteen patients (48%) eligible for potentially curative surgery were described in more detail by Benoist. Of these 13 patients, resection was successful in six (22%). In these patients, all metastases were confined to the liver. These results are in agreement with a review carried out by Folprecht, in which the resection rate of patients with metastatic disease confined to the liver was reported to be 33%-54% with microscopically tumor-free margins in 29%-43%. However, in patients with initial extra hepatic metastatic disease, the resection rate was significantly lower, ranging from 1% to 26% [24] .
The results from our meta-analysis suggest that for patients with stage IV incurable colorectal cancer, resection of the asymptomatic primary tumor provides only minimal palliative benefit, can give rise to major morbidity and mortality and may potentially delay the administration of systemic chemotherapy. Providing asymptomatic disease initial resection should only be carried out after careful consideration and should mainly be reserved for the small proportion of patients who may develop complications due to the presence of primary tumor. On the other hand, when initial chemotherapy is started and incurable stage IV disease is converted into potentially curative disease, combined resection of both the primary tumor and its metastases should certainly be considered.
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